Abstract
previously described protocols [12] [13] [14] [15] . Briefly, approximately 50 mg frozen liver 143 sample was immersed in 1800 μL 50% acetonitrile in Milli-Q water 144 Tokyo, Japan) containing internal standards (H3304-1002, HMT). The tissue was 145 homogenized using the BMS-M10N21 homogenizer (BMS, Tokyo, Japan) and then 146 centrifuged at 2300 g for 5 min at 4 °C. Next, 800 μL of the upper layer was filtered by centrifugation using an HMT 5-kDa cut-off filter (UFC3LCCNB-HMT, HMT) at 9100 g for 148 120 min at 4 °C. The filtrate was resuspended in 50 μL Milli-Q water for CE-MS analysis.
149
For plasma, 50 μL sample was added to 450 μL methanol containing internal standards 150 (H3304-1002, HMT). The solution was mixed with 500 μL chloroform and 200 μL 151 Milli-Q water and centrifuged at 2300 g for 5 min at 4 °C. Next, 400 μL of the upper 152 layer was filtered through an HMT 5-kDa cut-off filter as described above. The filtrate 153 was then resuspended in 25 μL Milli-Q water for CE-MS analysis.
154
The identified metabolites from the metabolome library were assigned to the Kyoto
155
Encyclopedia of Genes and Genomes (KEGG), facilitating the search for the 156 corresponding metabolic pathways [16] .
Results

167
Concentrations of major flavonoids in PIC
168
We analyzed the major flavonoids, including nobiletin, narirutin, geosmin, hesperidin, 169 and tangeretin, in PIC using HPLC (Table 1) 125.10 ± 1.90 g, P = 0.4470, Fig 1C) . Mice from the PIC-fed group also showed a 182 tendency to have a lower feed efficiency than that in control mice (control: 0.035 ± 183 0.0036 vs. PIC: 0.027 ± 0.0020, P = 0.0706, Fig 1D) . with AIN93G supplemented with 5% PIC (w/w) diet. Data are expressed as mean ± SEM.
189
As shown in Fig 2A, 2-hydroxyvaleric acid, showed significantly (P < 0.05 and Q < 0.1) lower levels in
209
PIC-fed mice than in control mice (Table 2) . A total of 250 metabolites were detected by CE-TOFMS in the liver. As shown in Table   212 1, 5 metabolites showed significant differences in levels between PIC-fed and control 213 mice (P < 0.05 and Q < 0.1). The relative amounts of Thr-Asp (and/or Ser-Glu), daminozide (and/or Ala-Ala), glucuronic acid (and/or galacturonic acid-2), and
215
S-methylglutathione were significantly higher in PIC-fed mice than in control mice. In 216 contrast, the relative amount of betaine aldehyde was significantly lower in PIC-fed 217 mice than in control mice.
Discussion
220
In this study, we investigated the health benefits of a local citrus fruit, C. tumida, and
221
focused on the dietary effects of PIC, which contains flavonoids, such as nobiletin and
222
hesperidin. As shown in Table 1 Fig 1A) ; although FI and feed efficiency were reduced slightly, the difference was 227 not statistically significant (p < 0.1, Fig 1B and 1D ). In addition, PIC intake significantly 
303
Supplementation of PIC downregulated choline metabolism in the liver (Table 2, Table   304 S2, Fig 3) . GPCho is a product of the breakdown of phosphatidylcholine and is 
